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１．緒　　言
ఉ̩͈ࡔঝιȜ΃Ȝ͉́Ȅες΀ΑΞσͬୋ௮̳ͥͅ൚
̹ͤȄ૘෾̱͂̀२ॸاͺϋΙκϋ̦ঀ̞ͩͦ̀ͥȅࣞ੗
ഽ͈ͺϋΙκϋͬঀ̠̭͂ͤ͢ͅ໗฽؊ͬઁ̩̱̈́Ȅ෎հ
೰଻͈̜ͥες΀ΑΞσ̦ං̹̜ͣͦͥ͛́ͥˍȫȅ̹͘Ȅ
ͺϋΙκϋ͉ඳීस̱͂̀͜ঀ̞ͩͦ̀ͥˍȫȅ
ͺϋΙκϋ͉ౙఘȄاࣣ໤͂͜ͅඉ଻̦̜ͤȄ֍̵͈ͭ೑Ȅ
ئၓȄ๧ໂ׶Ȅܨۯ঑׶̭̳̈́̓ͬܳȅ૽̤̫ͥͅଔ೰ࠐ
࢛౿ঘၾ͉ ĳııŮŨȡˎŨ͈ۼ̜́ͤȄߗܨಎ͈ Ŕţˎ Őˏا
ࣣ໤͈डఱݺယෛഽ͉ ıįĶŮŨİŮˏ̜̦́ͥȄ̷͈ඉ଻͉
Ϊள͕͉̞̓́̈́ˎȫȅࡔঝιȜ΃Ȝ́ঀ̞ͩͦ̀ͥ२ॸا
二酸化マンガン均一沈殿法を用いるポリエステル製造廃液中の
微量アンチモンの濃縮分離法の開発
઀ஂȁ೭෗ɖȁȁࢃ฽ȁ࣪ങɖȁȁ᠟࿐ȁ࿹ဈɖɖ
Development of concentration-separation method for a trace amount of antimony in waste 
water from polyester production using manganese dioxide uniform precipitation method
Sadayuki KOIZUMI, Katsunori GOTAN and Yusuke SAIKI
In Japan, the environmental regulation value on antimony in river water is not decided, but 
the pollution of the river by the antimony in waste water, which drained from polyester production, 
becomes the problem now. To a sample solution containing a trace amount of antimony, the solution 
of manganese sulfate, potassium permanganate and sulfuric acid were added, and then the uniform 
precipitant of manganese dioxide occurred in the solution. The precipitant obtained by this method 
strongly adsorbed antimony in comparison with the commercial powdery manganese dioxide. 
Because the precipitant could be easily dissolved with nitric acid and hydrogen peroxide, the atomic 
absorbance of the antimony contained in the solution were measured. The recoveries of antimony from 
50 to 1000 ppb were approximately 100% by repeating this uniform precipitation method twice. The 
proposed method was successfully applied to the determination of trace amount of antimony in waste 
water samples.
Key Words : Antimony, polyester production, waste water, environmental preservation, uniform 
precipitant, atomic absorption spectrophotometry
ɖ໤ৗࢥڠشȁȁɖɖࡼ֔اڠୈୋԺ
ͺϋΙκϋ͉Ȅ֚೰͈ૄ࠯ئ́କள͂฽؊̱Ȅ๱ુͅခඉ
̈́ΑΙΫϋ΄Αͬ୆଼̱Ȅ୪૘̳ͥ͂๧ໂ͞܉ͅ࿪ੱͬ໅
̠̭̦̜͂ͥˎȫȅ
߃ාȄ໛֔ࡇ̤̞̭͈̀ͅͺϋΙκϋͥ͢ͅع୼͈؄அ
̦࿚ఴ̧̞͂̈́̽̀̀ͥˏȫȅ࡛हȄ඾ུ̤̞̀ͅͺϋΙκϋ
͈෱କܰ೰͉̩̈́Ȅ࿒ດ౵̱͂̀౵̦೰̞͛ͣͦ̀ͥ͂̓ͅ
̞̽̀ͥ͘ːȫȅ඾ུ͈କৗۯၑ࿒ດࣜ࿒͂ŘŉŐ͈֩ၳକକ
ৗ΄ͼΡρͼϋ͈౵ͬŕŢţŭŦˍͅা̳ːȫȅŘŉŐ͈౵͉ॻ೰
౵̜́ͤȄ඾ུ͈౵͂ŘŉŐ͈౵̴͉̦̜͂́ͦͤȄ̷͈ၑ
ဇ̱͉͂̀ȄࡔঝιȜ΃Ȝ̥ͣع୼͒ෳ੄̯̞ͦ̀ͥ෱סಎ
ͅͺϋΙκϋ̦๷ၾͅ܄̞̭ͦ̀ͥ͂ͥ͘͢ͅˏȫȅ੿ြഎ
͉ͅͺϋΙκϋ͈ࢥાෳ੄ܰ೰̦ ĲĶıűűţ ೾ഽͅ೰͛ͣͦ
Ĵķ ໛֔ࢥުࣞ൝୺࿝ڠࢷȁࡄݪܮါȁুடشڠȆࢥڠȁల Ķı࣢ȁĳıĲķ
ܑͥ͂ު͉́ထ௶̱̤̀ͤȄু৽എͅͺϋΙκϋ͈ෳ੄ၾ
ͬଷࡠ̳͈ͥ̈́̓చॐ࣐̞ͬ̈́̽̀ͥȅ࡛ે͉́ထேෳ੄
ܰ೰͈ ĲĶıűűţ ͂൳೾ഽ͈ෳ੄ၾ́͘ࡘઁ̱̞̀ͥȅ
๷ၾ߄௺ࡓள͈۰༒̈́௶೰༹̱͉͂̀Ȅࡔঊݟ࢕༹̦֚
๊̩͢ͅ၌ဥ̯̤ͦ̀ͤȄͺϋΙκϋ͈௶೰͉ͅȄକளا
໤อ୆ࡔঊݟ࢕༹̦डഐ͂ࣉ̢ͣͦͥ˒ȫḙ༹͈༷͉̏́Ȅ
௶೰ͅచ̳ͥཐٺ̦͕͂ͭ̓ྫ̞̹͛ȄࣞۜഽͅͺϋΙκ
ϋ͈௶೰̦خෝ̜́ͥȅ̱̥̱Ȅ·ςȜϋ̈́৘ࡑ۪ޏͬຈ
ါ̳̹͂ͥ͛ယօ͉ࣞۜͅഽ́௶೰̳̭̦ͥ͂੄ြ̞̈́ȅ
ུࡄݪ͉́Ȅ௶೰͈၌༒଻̥ͣȄࣱ؀ႷȪέτȜθτΑȫ
ࡔঊݟ࢕༹ȪňŇĮłłŔȫͬဥ̞̭̱̹ͥ͂͂˓ȫȅۜഽ͉କள
ا໤อ୆ࡔঊݟ࢕༹ͅႦ̦ͥȄاڠਘૐस͈ঀဥ͞ஜੜၑ
̢࣐ͬ͊ତĲıűűţτασ͈́ۜ͘ഽ̦ܢఞ̧̺̫́ͥ́̈́
̩Ȅଇ௸଻͞ু൲ا͈خෝ଻̞̠͂၌ത͜ܢఞ̧́ͥȅס
ఘಎ͈ͺϋΙκϋ͈໦ၗෛੀ༹̱͉͂̀ ŋŊŔ༹͈۪ޏ௶೰
ԆġŌıĲıĳ͈ͺϋΙκϋࣜ࿒̤̞̀ͅॸاζϋ΄ϋȪԈȫވ
ೆ༹̦ܱश̯̞ͦ̀ͥ˒ȫḙ༹͈༷̏ͬঀဥ̳ͦ͊ཐٺ໤ৗ̥
͈ͣͺϋΙκϋ͈໦ၗ̧̦́ͥȅ̹͘Ȅζϋ΄ϋ͉ňŇĮłłŔ
ࡔঊݟ࢕༹̤̞̀ͅاڠਘૐस̱͂̀͜၌ဥ̧́ͥ˔ȫȅ
ུࡄݪ͉́Ȅ๷ၾͺϋΙκϋ͈ŎůŐˎͬဥ̞̹໦ၗෛੀ
ͥ͢ͅ۰༒എ̈́ٝਓ̤͍͢ňŇĮłłŔ ͬဥ̞̹௶೰༹ͬږ
ၛ̱Ȅες΀ΑΞσୋ௮ً೾ಎͅෳ੄̯̹ͦ෱סಎ͈ͺϋ
Ικϋ͈໦ၗෛੀ̤͍͢௶೰͈͒؊ဥͬ࿒എ̱̞͂̀ͥȅ
କဣסಎ́ͺϋΙκϋ͉೒ુˏث̹͉͘ˑث͈ͼ΂ϋ
́ంह̱Ȅ२ॸاͺϋΙκϋȪŔţˎ ŐˏȫȄࡼॸاͺϋΙκ
ϋȪŔţˎ ŐˑȫȄ२؂اͺϋΙκϋȪŔţńŭˏ ȫ͈̈́̓ࠁࣣ́ࠫ
̳ͥḙ͈̠̻̏२ॸاͺϋΙκϋ͉ίρΑΙΛ·͞஍֋͈
ඳීस̱͂̀ح̢͕̥ͣͦͥȄες΀ΑΞσ͈૘෾Ȅ΄ρ
Α͈ୄଯसȄ͕̠̠ͧͅঀဥ̯̞ͦ̀ͥ Ĳıȫȅࡔঊݟ࢕༹
ͥ͢ͅ௶೰͈षȄ࿒എࡓள̦։̹̈́̽اڠࠁఠ́ంह̱̀
̞ͥાࣣḘ̷̸͉̏ͦͣͦͦ։̹̈́̽أഽ́ࡔঊا̳ͥȅ
̯ͣͅاڠࠁఠ̦։̈́ͥ͂ࡔঊا࢘ض͜ͅओ̦୆̲ͥևȄ
൳֚ၾ͈ࡓள́͜։̹̈́̽ఱ̧̯͈૞࣢ͬဓ̢Ȅ٭اأഽ
́࿒എࡓள̦८̳֝ͥخෝ଻͜ࣉ̢ͣͦͥȅζΠςΛ·Α
ਘૐसͬഞح̳̭ͥ͂ͤ͢ͅȄ࿒എࡓள͉൳͈֚اڠࠁఠ
̈́ͤͅȄ࿒എࡓளͬ෎എͅհ೰̈́໤ৗͅ་ا̵̯Ȅ٭اأ
ഽ̩ͬͤࣞ͢୭೰̧́ͥ ĲĴȫḙ̏ͦͤ͢ͅȄζΠςΛ·Α
଼໦ͬࡔঊا͈ஜͅ෎໦ٜੰݲ̧̳̭̦ͥ͂́Ȅ໦ଢ଼ୈഽ
͈࢜ષ̦͒͂̾̈́ͥ͂ࣉ̢ͣͦͥȅ
２．装　置　と　試　薬
２．１　装置
ࡔঊݟ࢕௶೰͉ͅȄőŦųŬŪůġņŭŮŦų ২ୋࣱ؀Ⴗࡔঊݟ࢕
௡౾ ĵĲııśō ͅ൳২ୋ͈΂ȜΠ΍ϋίρȜłŔĮĸı ͬ৾ͤ
ັ̫̀ঀဥ̱̹ȅࣱ؀Ⴗ͉ͅ൳২ୋ͈Ωͼυ΋ȜΞͻϋΈੜ
ၑ̯̹ͦίρΛΠγȜθ߿ࣱ؀Ⴗͬঀဥ̱̹ȅ࢕࡙͉ͅ൳২
ୋ͈ಎߗ֮ޭρϋίͬঀဥ̱̹ȅͺσΌϋ΄Αͬ໱սܨ΄Α
̱͂ȄΔȜζϋ࢘ضͥ͢ͅΨΛ·Έρ;ϋΡ༞ୃ࣐̹ͬ̽ȅ
ུࡄݪ̤̫ͥͅͺϋΙκϋ͈௶೰ૄ࠯ͬŕŢţŭŦ ˎͅা̳ȅ
２．２　試薬
΢΃ρͼΞ·Α২ୋ͈ ĲıııűűŮġŔţ ͈ດ੔ဣסͬഐܽ
ܛ৷̱̀ဥ̞̹ȅ̷͈ఈ͈দ࿪͉Ȅঌ์͈අݭদ࿪̷͈ͬ
͘͘ဥ̞̹ȅ
２．３　実試料
৘দၳ͉ࡇඤ͈஍֋ٛ২ͤ͢೹ރ̯̹͈ͦͬ͜ဥ̞̹ȅ
৘षͅع୼͒ෳ੄̯̞ͦ̀ͥ෱ס͉࠼ృ̱̞̀ͥાࣣ̦
ఉ̞͈́ȄŕŰźŰġœŰŴũŪ ˑ˟έͻσΗȜͬဥً̞̱̹̀ͧ
͈ͬ͜ঀဥ̱̹ȅ
３．実　　験
３．１　AAS測定
Ĳııűűţ ͺϋΙκϋͬ ĳıЂō͂ഐၾ͈ζΠςΛ·Αਘૐ
सȪઝॸζϋ΄ϋȫͬ΂ȜΠ΍ϋίρȜࣱ́؀Ⴗͅೄ୪ಕ
ව̱ȄͺσΌϋ΄Α໱սܨئ́ۋ௓Ȅ٭اȄࡔঊا࣐ͬ̽
Ĵĸ
̹ȅࡔঊاশ͉ඤ໐΄Αͬ೪গ̱Ȅࡔঊاࢃ͉ικςȜ࢘
ضͬཡ̪̹͛ȄĳĵııɎ́ˎຟۼ·ςȜϋͺΛί࣐̹ͬ̽ȅ
দၳಎ͈ Ŕţ௶೰̤̫ͥͅडഐ̈́ࡔঊاأഽίυΈρθͬ
ŕŢţŭŦ ˏͅা̳ȅ
３．２　二酸化マンガンによるアンチモン分離濃縮操作
ĳı ȡ ĲııЂŨİō ͈ෛഽ͈ͺϋΙκϋদၳ ĲıııŮō ͅ
ෛၤॸ ĲıŮōͬح̢̹ḙ͉̏ͦȄඵॸاζϋ΄ϋ͈޳֚
ೆദ͈୆଼௸ഽͬ಺୯̳̹̜ͥ͛́ͥȅষ̭͈ͅဣסͅ
ıįĳĶŮŰŭİō ًζϋ΄ϋॸ΃ς;θ ĲıŮōȄıįĶŮŰŭİō ၤॸ
ζϋ΄ϋ˕Ůōͬਜ਼ষح̢ Ĵı ໦ۼڑᑾ̱̹ȅᒴᑾ͈ۼͅ
ඵॸاζϋ΄ϋ͈ೆദȪ࿩ ıįķĶŨȫ̦୆଼̱Ḙ̏ͦͬݟ֨
ًͧͤ͢ͅ໦ၗ̱̹ȅ஄૆କ͉ͅ੗କͬဥ̞̹ȅ୆଼̱̹
ඵॸاζϋ΄ϋ͈ೆദͅ ĶıĦઝॸ ĳıŮōً͂ॸاକளˎ
Ůōͬഞح̱Ȅඵॸاζϋ΄ϋ͈ೆദͬဣ̥̱௶೰ဣסͬ
಺ୋ̱̹ḙ̏ͦͬňŇĮłłŔ ͬဥ̞̀௶೰̱Ȅদၳဣסಎ
͈ͺϋΙκϋ͈ٝਓၚͬݥ̹͛ȅ
３．３　二酸化マンガンによる２回の分離濃縮
ɘˏȅˎ ͈ௌै́ං̹ͣͦͧסͅȄठഽ ıįĳĶŮŰŭİō ًζ
ϋ΄ϋॸ΃ς;θ ĲıŮōȄıįĶŮŰŭİō ၤॸζϋ΄ϋ˕Ůō
ͬح̢ Ĵı ໦ۼڑᑾ̱̹ȅᒴᑾ͈ۼͅ൳အͅඵॸاζϋ΄
ϋ͈ೆദ̧̦́Ḙ̏ͦͬݟً֨ͧͤ͢ͅ໦ၗ̱̹ȅˍٝ࿒
͈ௌै͂൳အͅḘ͈̏ೆദͅ ĶıĦઝॸ ĳıŮōً͂ॸاକ
ளˎŮōͬഞح̱Ḙ͈̏ඵॸاζϋ΄ϋ͈ೆദͬဣ̥̱ͺ
ϋΙκϋ௶೰ဣסͬ಺ୋ̱̹ḙ̏ͦͬňŇĮłłŔ ͬဥ̞̀
൳အͅ௶೰̱̹ȅ
３．４　M nO２によるアンチモンの分離濃縮に対する
MnO２の量の検討
ɘˏȅˎ ͈ௌैً̤̫ͥͅζϋ΄ϋॸ΃ς;θȄၤॸζ
ϋ΄ϋȄၤॸ͈ഞحၾͬŕŢţŭŦ ː́া̳̠͢ͅ་̢̀௶
೰ဣסͬ಺ୋ̱̹ḙ̏ͦͬňŇĮłłŔ ͬဥ̞̀௶೰̱Ȅٝ
ਓၚͬݥ̹͛ȅ
３．５　実試料に対する分離濃縮
৘দၳͬݟً̱֨ͧȄະ੗໤ͬ৾ͤੰ̞̹ȅ̷̱̀Ȅ
ɘˏȅˎ ȡɘˏȅˏ ́੆͓̹ௌैͬဥ̞̀৘দၳͅ܄ͦ͘
ͥ๷ၾ͈ͺϋΙκϋ͈໦ၗෛੀ࣐̞ͬȄ௶೰ဣסͬ಺ୋ̱
̹ḙ̏ͦͬňŇĮłłŔ ͬဥ̞̀௶೰̱Ȅ৘দၳಎ͈ͺϋΙ
κϋෛഽͬݥ̹͛ȅ
ඵॸاζϋ΄ϋ޳֚ೆദ༹ͬဥ̞ͥες΀ΑΞσୋ௮෱סಎ͈๷ၾͺϋΙκϋ͈ෛੀ໦ၗ༹͈ٳอ
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４．結　果　と　考　察
４．１　灰化温度の検討
Ĳııűűţ ͺϋΙκϋດ੔ס ĳıЂōͬဥ̞̀ňŇĮłłŔ ௶
೰̤̫ͥͅͺϋΙκϋ௶೰͈डഐ̈́٭اأഽ͈࠿൦ͬ
࣐̹̽ȅࡔঊݟ࢕͈௶೰ࠫضͬ ŇŪŨį ˍͅা̳ȅΈρέ͢
ͤ٭اأഽ͈֑̞ͤ͢ͅάȜ·΀ςͺݞ͍ΨΛ·Έρ;
ϋΡ΀ςͺ͈࿂ୟ̦་ا̱̞͈̦̥̹̀ͥͩ̽ȅ̹͘Ȅ
ΨΛ·Έρ;ϋΡ͉ ĲıĶıɎ́࿂ୟ̦ࡘͤȄάȜ·΀ς
ͺ͜ ĸĶıɎ́࿂ୟ̦डఱ̜̭̦̥́ͥ͂ͩͥȅ̳̻̈́ͩȄ
ĲıĶıɎոષ́٭ا̳ͥ͂ͺϋΙκϋ̦ࡔঊاأഽ͈ஜͅ
ܨا̳ͥ͂ࣉ̢ͣͦͥȅĺĶıɎոئ͉́ͺϋΙκϋ͉ܨا
̵̴Ȅζϋ΄ϋ̦اڠਘૐस̱͂̀ވం̳̹ͥ͛հ೰ا
̳ͥ͂ࣉ̢ͣͦͥȅ̽̀͢Ȅոࢃ͈௶೰͉́٭اأഽ͉
ĸĶıɎ࣐̹́̽ȅ̹͘Ȅاڠਘૐस̱͂̀ح̢̹ζϋ΄ϋ
͉ȄĲı ȡ ĳıЂṸၻ̞̭͂͜໦̥̹̽ȅͺϋΙκϋෛഽ
͈ ĵı ȡ ĶııЂŨİō ͈ํս́ං̹ͣͦ࠿ၾ஌͈௖۾߸ତ͉
ıįĺĺĺĶ ̜̹́̽ȅ
４．２　MnO２による分離濃縮操作の検討
ͺϋΙκϋ͉ඵॸاζϋ΄ϋͅݟ಍̱̳̞̞̠͂͞଻
ৗ˒ȫͬ၌ဥ̱Ȅ࢘ၚ͈̞͢ͺϋΙκϋ͈໦ၗෛੀ༹༷ͬ
࠿൦̱̹ȅ̱̥̱ȄͺϋΙκϋͬ܄̺ͭဣסͅ໮ྎે͈ඵ
ॸاζϋ΄ϋͬೄ୪ح̢̀Ȅڑᑾ̱̀͜କͅතஅ̴͘ݟ಍
Ĵĺ
଻͉೩̞͂ࣉ̢Ȅུࡄݪ͉́ဣסಎً́ζϋ΄ϋॸ΃ς;
θ͂ၤॸζϋ΄ϋͬۖ஠޳֚ેఠ́฽؊̵̯Ȅඵॸاζϋ
΄ϋͬ޳֚ͅ୆଼̱Ḙ̏ͦͅͺϋΙκϋͬݟ಍̵̯̭ͥ͂
ͬদ͙̹ȅඵॸاζϋ΄ϋͅݟ಍̯̹ͦͺϋΙκϋͬॸ́
ဣٜ̱̹ဣסͬ௶೰দၳ̱̹͂ňŇĮłłŔ ͈άȜ·ࠁેͬ
ŇŪŨį ˎͅা̳ȅ൳အͅȄ̷͈षͅං̹ͣͦͧסͬ௶೰দၳ
̱̹͂ňŇĮłłŔ͈άȜ·ࠁેͬ ŇŪŨį ˏͅা̳ȅ̹͘Ȅඵ
ॸاζϋ΄ϋ͈ೆദਹၾ͂ͺϋΙκϋ͈ٝਓၚͬŕŢţŭŦ
ːͅা̳ȅŕŢţŭŦ ː͈ ŏŰį ˑ͈৘ࡑ͈দၳ͉৘ࡑŏŰį ː͈
ͧסͬঀဥ̱̹ḙ͈̏ࠫضͤ͢ŎůŐˎͬဥ̞̹໦ၗෛੀௌ
ैͬ ĳഽ߫ͤ༐̱࣐̠̭͂̽̀͢ͅ Ĳııűűţ ͈ෛഽ͈ͺ
ϋΙκϋͬ Ĳııɓٝਓ̧̭̦̥̹́ͥ͂ͩ̽ȅ
４．３　MnO２による分離濃縮操作の MnO２の量の検討
ུ৘ࡑ͉́ŎůŐˎ͈ၾͬࡘ̱̹ͣાࣣȄͺϋΙκϋ͈
ٝਓၚͅݞ͖̳גޣ̞̾̀ͅ࠿൦̱̹ḙ༹͈༷͉̏́Ȅ
ŌŎůŐː͂ ŎůŔŐː͉ۖ஠޳֚ેఠ́฽؊̱̫̈́ͦ͊̈́ͣ
̞̈́ḙ͉̏ͦȄۖ஠޳֚ેఠ̫́̈́ͦ͊Ȅ฽؊͈̭ܳͥા
ਫ਼̽̀͢ͅȄͺϋΙκϋ͈ݟ಍̯ͦͥၾͅओ̦੄ͥ͂ࣉ̢
ͣͦͥȅ̹͘ȄŎůŐˎ͈ೆദ̦ఉ̨̳ͥ͂ೆദً͈ͧ໦ၗ
͈षȄఉ̩͈শۼͬါ̳ͥ̈́̓࿚ఴ̦୆̴ͥḙ̷̏́Ȅུ
৘ࡑ͉́ŌŎůŐː ȄŎůŔŐː ͈ഞحၾ͈डഐૄ࠯ͬ࠿൦̱
̹ȅڎૄ࠯̤̫ͥͅࡔঊݟ࢕͈௶೰ࠫضͬ ŇŪŨį ːͅা̳ȅ
ŎůŐˎ ͈ೆദ̦ ıįķĶŨ ංͣͦͥૄ࠯͉́ȄŇŪŨį ːͅা̯ͦ
̠ͥ͢ͅȄͺϋΙκϋ͈ٝਓ̦ၻ̩Ȅ̥̾ΨΛ·Έρ;ϋΡ
̦೩̥̹̽ḙ͉̏ͦȄًζϋ΄ϋॸ͂ၤॸζϋ΄ϋ͈ഞحၾ
̦ઁ̥̹̹̈́̽͛ήρϋ·̦೩̩̹͈̈́̽͂͜ࣉ̢ͣͦͥȅ
༷֚Ȅඵॸاζϋ΄ϋೆദͅ܄̹ͦ͘Ŕţ͉Ȅاڠਘૐस͂
̱͈̀ζϋ΄ϋ͉ఉၾ̜͈͈ͥ͜ͅȄఈ͈ခܥ໤̦̈́̓܄
̞̞ͦ̀̈́͘໦Ȅୈഽၻ̩௶೰̧̭̦̥̹́ͥ͂ͩ̽ȅ
４．４　実試料の測定
৘দၳͬဥ̞̀ŎůŐˎͥ͢ͅͺϋΙκϋ͈໦ၗෛੀௌै
࣐̞ͬȄ৘দၳಎ͈ͺϋΙκϋෛഽͬ௶೰̱̹ࠫضͬ ŇŪŨį
ˑͅা̳ȅŇŪŨį ˑł͉஍֋ٛ২ͤ͢೹ރ̯̹ͦෳକদၳ
ًͬͧࢃܛ৷̱̀௶೰̱̹Αβ·ΠσΟȜΉ̜ͥȅŇŪŨį
ˑŃ༹͉͈༷ࣽٝ́ං̹ͣͦŎůŐˎೆദͬॸ́ဣٜ̱̀ං
̹ͣͦΑβ·ΠσΟȜΉ̜ͤȄŇŪŨį ˑņ̷͉͈́͂ංͣ
̹ͦͧסͬ௶೰̱̹Αβ·ΠσΟȜΉ̜ͥȅ೹ރ̯̹ͦ
ෳକ͉ͅȄခܥ໤̦ఉၾͅईව̱̞̀ͥ͂ထே̯ͦȄΨΛ
·Έρ;ϋΡ̦ఱ̧̩Ȅࢋओ̦ఱ̧̩̹͈̈́̽͂͜ࣉ̢ͣ
ͦͥȅ௶೰ࠫضͤ͢দၳ͈෱סಎ͉ͅȄĲĴĳűűţ ͈ͺϋΙ
κϋ̦࠿੄̯̹ͦḙ͈̏ŎůŐˎ޳֚ೆദ༹͉Ȅ௶೰̤̞ͅ
̀Ȅခܥ໤൝͈ཐٺ͉ྫ̞͂ࣉ̢ͣͦͥȅ
５．　結　言
ඵॸاζϋ΄ϋͬဥ̞̹໦ၗෛੀௌै͉Ȅࣞෛഽ͈ခܥ
໤ͬ܄͚৘෱କಎ͈ͺϋΙκϋ͈௶೰ͅచ̱̀๱ુͅခ
̜࢘́ͤȄͺϋΙκϋ͈͙ͬ໦ၗෛੀ̵଼̯̭̱ͥ͂ࢗͅ
̹ȅ̹͘Ȅུ༹༷̈́ͣ͊အș̈́ζΠςΛ·Αۙખͬ਋̫ͥ
̭̩͂̈́ͺϋΙκϋ͈۰༒എ̈́೰ၾ໦ଢ଼̦خෝ̜̭́ͥ
̦͂ྶ̥̹ͣ̈́̽ͅȅ
謝　辞
̭͈ࣽٝࡄݪ࣐̠̜̹ͬͤͅȄদၳ͈೹ރ̤͍̮͢ঐ൵
̧̞̹̺̱̹ͬ͘ԺηΜμܿ੅ΈσȜίࣞޘ֘ຳအͅ૬
̩ۜ৫૭̱ષ̬̳͘ȅ
ඵॸاζϋ΄ϋ޳֚ೆദ༹ͬဥ̞ͥες΀ΑΞσୋ௮෱סಎ͈๷ၾͺϋΙκϋ͈ෛੀ໦ၗ༹͈ٳอ
ĵı ໛֔ࢥުࣞ൝୺࿝ڠࢷȁࡄݪܮါȁুடشڠȆࢥڠȁల Ķı࣢ȁĳıĲķ
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